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Claims: We claim: 

1) A methc^ of mcreamg fte router &mut m a multi-stage network wftich minimizes the 
impact on fhroughput bandwidth^ 

5 \^ere the multi-stage network has a plurality of rows, 

where the rows have a plarality of routers, 
v^ere each routers has a phiraHty of ports, and 

where external port is any top port on a new router in the fes* row or any bottom port 
on a new rout^ in the kst row 

10 

con^^risuig the step of: 

selecting a previously unselected router in \^Mch to iasert new porte; 
inserting a top port and a bottom port into the selected router; 
repeating steps a) and b) for aU the routers which have not been previously selected; 
rewiring any port of any router in any row which is not connected to the proper port of 
theprop^rout^; 

repeating step d) for all the ports which are not connected to the proper port of the proper 
router and have not been previously selected- 
connecting all new external top ports of all routers m the first row; 
connecting all new external bottom ports of all routers in the last row; 
actrvatittg all new external top ports of all routers ia the iBffst row; 
activating all new external bottom ports of all routers in the last row. 

M 

2) ThemediodasckimedmClaiml,\^erekthestepd)isr^lacedbya]iewstepd) 
pi d) eitJio-rewnittg any port of aay rooter k any TOW 

II HiQ propCT router or pemratkg the labeling of the routa: ports of any rooter to re&ce tie 
nond)er of coonectUHis vMch. have to be rewired; 

vs^ereby reducing tiie nomb^ of comiectiQns tiiat have to be revnied and thus racing ibe 
reducing the effect on tiie througfaqpot bandwidth. 

35 
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a) 
b) 
c) 



e) 



yj 
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f) 
g) 
h) 
i) 



40 



3) The metbod as claimed in Claim 1, 

wherein the multistage netwoik is a redundant multistage netwoik 
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4) A method of ina-easing the router fenout in a redundant nailti-stage network which 
minimizes the inq}act on throughput bandwidth, 

i?v*iere tiie muhi-stage network has a ptarality of rows, 
where the rows have a phirality of routers, and 
where each routers has a phiraUty of ports 

oor^prising the steps o£ 

a) selecting a previously unselected row in which to increase the number of ports on each 
router; 

b) adding a top port and a bottom port to each router in the selected row; 

c) rewiring the connections to and from the selected row which are not connected to the 
proper port of the proper router in tiie selected row; and 

d) rq)eating the previous steps for all the rows which have not been previously selected, 

e) connecting all new external top ports of aU routers ia the first row; 

f) connectmg all new external bottom ports of all routers in the last row; 

g) activating all new extemal top ports of all routers in the first row; 

h) activatmg all new extemal bottom ports of all routers m the last row. 



5) The method as claimed m Claim 4, wherem the step 

j) permuting the labeling of the router ports to reduce the number of connections which 
have to be rewired; 

is inserted between steps b) and c), whereby reducing the number of connections that have to 
be rewired and thus reducing the reducing the effect on the throughput bandwidtii. 



6) The selection of a previously unselected row as claimed in step a) of Claim 4, wherein the 
row is the middle row or closest to the middle; \^ereby the selected row has the greatest 
topological redundancy, thus reducmg the effect of any rewiring on flie throughput 
bandwidth. 



7) The rewiring of the connections to and from the selected row which are not connected to the 
proper port of the proper node in tiie selected row as claimed in step d) of Claim 4, wherein 
ports not curraitly connected are given priority; whereby reducing the number of 
disconnected connections at any given time and thus reducing the inq>act on ^oughput 
bandwidth. 
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8) A method of kcreasmg the fanout of a redimdant nmlti-stage network as shown 
in Fig. 1 1 which minimizes the ixnpact on throu^put bandwidth, 
^ere the multi-stage netwoik has a phirality of rows, 
where the rows have a plurality of routers^ 
5 where the routers have a phirality of ports^ 

vAsre some of the router ports are top ports and the other roirter ports are bottom ports^ 
wh^e cuirait jroirter is a variable wMch indicates a particular router, 
where current j-ow is a variable vMok indicates a particular row of the 
muhi-stage network, 

10 where current_poit is a variable which indicates a particular router port, 

where corre^onding_port is a variable which indicates a particular router port, 
where R(row, column) is a variable which indicates a router in a nmhi-stage 
network, and 

where extemal port is any top port on a new router in the first row or any bottom 
15 port on a new router in the last row 

con^rising the stq>s o£ 

b) select a router and set currentjxiuter to this value, 
Mj c) add ports t^currentjrouter to create equal mmib^ of ne^ 
O d) ifthere are more routers to add ports to then go to step b else go to step e, 

e) if there are any misconnected ports then go to step h else go to step 

f) connect md activate all disconnected extemal ports, 
|5 g) end 

|i h) if there are any ports tiiat are not comiected to then appropriate ports tiien go to st€^ i else 

yi go to step t 

Q i) select port not connected to its appropriate port md call it corresponding^port, 
j) if current j)ort is already connected then go to step k else go to step 1, 
k) disconnect currentj)ort from existing connection, 

1) if corresponding_port is already connected then go to step m else go to step n, 
m) disconnect correspondingjport from existing connection, 
n) connect current_port to correspondingj)ort and go to step e. 



35 
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9) The method as ckimed in steps a) through p) of Ckim 8, wh^ 

q) if there are any routers whose ports cm be relabeled then go to step r else go to step e, 
r) relabel the appropriate ports in that router and go to step e, 

are added and step e is replaced by a new step e, 

e) if there are any misoonnected ports then go to step q else go to step f, 

whereby the router ports are examined to see if a connection can be avoided by re-labeling the 
ports. 
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10) A method of increasing the fanout of a redundant multi-stage network as shown 
in Fig. 12 which minimizes the impact on throughput handwidth, 
where the multi-stage network has a phirality of rows, 
where the rows have a plurality of routers, 
5 where the routers have a plurality of ports, 

vAme current_jow is a variable which indicates a row of the multi-stage network, 
where number^ofjows is a constant equal to the number of rows ia the 

multi-stage network, 
where B^row, column) is a variable which indicate a router in a muM-stage 
10 network, 

where rindex is a variable which indicates a row of the muhi-stage network, 
where row_select(x) is a function which selects a row in tiie multi-stage network, 
where ciuTent_port is a variable which indicates a router port, 
where port__select(x) is a fimction which selects a router port, 
15 wjiere corresponding_port is a variable which indicates a router port, and 

where external port is any top port on a new router m the first row or any bottom 
port on a new router in the last row 



Iff 



conq)rising the steps of: 



a) begin 

b) select router and set current router to this value, 

w c) add port to current^uter to create equal number of new top and bottom ports, 

0^^ d) if there are more routers to add ports to then go to step b else go to step e, 

e) set rindex to 0 

pi f) set currentjrow to row_select(rindex), 

g) set currentj)ort to port picked by port_select(xX 

h) set corresponding_port to the port that current jport should be connected to, 

i) if there are more ports to select then go to step j else go to i^ep p, 

^ j) if current_port is aheady connected flien go to step k else go to stq> 1, 

k) disconnect current jort fi-om existing connection, 

1) if corresponding^port is aheady connected then go to step m else go to step n, 

m) disconnect correspondingjport fi-om existing connection, 

n) connect currCTt_port to correspondingjport, 

35 o) increment rindex, 

p) if rindex < number_ofrows then go to step f else go to step q, 

q) connect and activate all disconnected external ports, and 

r) end. 

40 
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11) The method as claimed ia st^s a) tiiroi#L r) of Claim 10, wherein stq) 
u) relabel ports of curreatjrow 

is inserted between step f and step g, whereby tiie router ports are re-labeled to avoid the 
need to make a comiection. 



12) The port relabeling method as claimed in step u of Claim 11 as shown in Fig. 15, 
where bport is a bottom port of a router, 
v^ere tport is a top port of a rout^, 
wliere dest^routo: is a router, and 
wAiere dest jport is a port, 

wherein the port relabeling method con^rises the steps: 

a) begin 

b) set bport to left most bottom router of the row 

c) set source router to be the one bport belongs to 

d) set dest jrottter to be the one bport is connected to 

e) if bport is supposed to be connected to dest ^router then go to step f else go to step h, 

f) if any port on source router is opposed to be connected to dest jrouter then go to step g 
else go to step h, 

g) exchange bport with tiiat port, 

h) if there is a bottom port to the right of bport then go to step i else go to step j, 

i) set bport to that bottom port right of bport and go to step d, 
j) set tport to right most bottom router of the row, 

k) set source router to be the one tport belongs to, 
1) set dest_^ort to be the one tport is connected to, 

m)if tport is supposed to be connected dest_j)ort then go to step n else go to step p, 
n) if any port on source router is supposed to be connected to tport then go to step o else go 
to step p9 

o) exchange tport with lhat port and go to step p, 

p) ifthere is a top port to the right of tport th^ go to st^ q else go to step r, 
q) set ^ort to that top port left of tport, and go to stq) 1, and 
r) end. 
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13) The row selection method as claimed in steps b and f of Claim 10 as shown in Fig. 13B, 

vrfiere numjrow is the number of rows in the redundant multi-stage network, and 
vAere row_mdex is the number of a row in the redundant multi-stage network, 

wherein the port selection method con^rises the steps: 

a) begin 

b) if tiiere are an even number of rows then go to iSep c else go to iSep % 

c) if the current row index is even then go to step d else go to step e, 

d) set retum value to num rows / 2 + row_inde^2 - 1 and go to step i, 

e) set return value to num_rows / 2 - (row_index-fl)/2 and go to step i, 

f) ifthe current row index is even then go to step g else go to step h, 

g) set retum value to (num_rows - 1)/2 + rowjndex / 2 -1 and go to step i, 

h) set retum value to (num_rows- row_mdex) / 2 - 1 and go to step i, and 

i) end 

14) The port selection method as claimed in step g of Claim 10 as sbown in Fig. 14A, 
wherein the port selection method con^rises the steps: 

a) begin, 

b) establish scanning order of disconnect ports, 

c) set test port to first port in scanning order, 

d) find corresponding port to test port, 

e) if the corresponding port is connected then go to step f else go to step o, 

f) if there is a port next in the scanning order Aen go to step d eke go to step g, 

g) set test port to first port in scanning order, 

h) find the connection to the corresponding port to test port, 

i) if either router connected to this connection akeady have a disconnected port then go to 
step j else go to step p, 

j) if there is a port next in the scanning order then go step k else go to step L 

k) Set test port to next port in scanning order and go to step h, 

1) ifthere is a disconnected port then go to i^epq else go to stqpm, 

m)if there is a port not connected to its proper port tihien go to r else go to stqp n, 

n) report no ports need rewiring and go to step s, 

o) set retum value to test port and go to step s, 

p) set retum value to test port and go to step s, 

q) set retum value to this port and go to step s, 

r) set retum value to this port mid goto st^s, 

s) end 
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15) The port selection mefliod as claimed in step g of Claim 10 as shown in Fig. 14B, 
where test_j)ort is a variable which indicates a port value, 

wherein the port selection mediod coni^rii^s the steps: 

a) begin, 

b) if a bottom port was disconnected in tiie previous step then go to step h else go to step 

c) establish scanning order of bottom ports^ 

d) set testjport to first port in scanning order, 

e) if the test_port is connected to its proper port then go to step f else go to step i, 
if there is a port next in the scanning order then go to i^ep g else go to step j, 

g) set testjport to next port in scanning order and go to step e, 

h) set retum value to the disconnected port and go to step k, 

i) set retum value to testjport and go to step k, 

j) report no ports need rewiring and go to step k, and 
k) end. 



16) The port selection method as claimed in step g of Claim 10 as shown in Fig. 14C, 
wherein the port selection method con^rises the steps: 

a) begm, 

b) get "port fifo" from previous selecticm call, 

c) if the fifo is enipty then f else go to step d, 

d) set retum value to top of fifo, 

e) remove top of fifo go to step k, 

f) load "port fifo" with all disconnected ports, 

g) if the fifo is empty then go to step h else go to step d, 

h) if there is a port not connected to its proper port then go to step i else go to step j, 

i) set return value to this port and go to st^k, 

j) report no ports need rewiring and go to step k, and 
k) end. 



